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Abstract The purpose of this study is to explore the miRNA and its target genes that affect linolenic acid content
in Xiangqingcai (Brassica campestris ssp.chinensis L. Makino, NHCC), and to clarify its molecular function in the
regulation of this character. In this research, using the mature leaves of 'xiuhuajin' and 'Heiyexiangqingcai' which
have largest difference in linolenic acid content as materials, the differentially expressed miRNA was identified by
high-throughput microRNA sequencing, and the target gene function was predicted and further function annotated.
In total 236 miRNAs were detected, of which 159 were known miRNA and 77 were novel ones. In these miRNAs,
28 were up-regulated and 35 were down regulated. A total of 6041 target genes corresponding to the differentially

expressed miRNA were annotated, including many fatty acid metabolism pathways, such as "a-linolenic acid

metabolism", "fatty acid synthesis", "unsaturated fatty acid biosynthesis" and "fatty acid degradation", etc. The
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target genes of differential expressed miRNA mainly are some key enzymes of linolenic acid synthesis or

metabolism, such as lipoxygenase (LOX), 3—ketoacyl-CoA thiolase (K CS), which play an important role in the synthesis

and transformation of linolenic acid. Through negatively regulating their expression and other key genes of fatty

acid metabolism and the related genes of linolenic acid synthesis such as KCS through the differential expression

of these miRNAs in different varieties, on the one hand reduces the metabolism loss of linolenic acid, on the other

hand increases the synthesis amount of linolenic acid, thus resulting in the increase of linolenic acid content.
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X 45 AR A5 B i A A5 S AT B
Hl, 4H 6 MEEMIK clean Data #5E3E 11.99 M, B,
BB KT 0.6G(F 1), LT LALRE &
MIFA, BRAEMBIN 3 ‘GIeH FEMT Clean
Reads 754 11.73 M. 14.97 M A1 12.97 M, 1fij ¢ B 1
1 2%’ ) Clean Reads M| 7y 5124 13.94 M. 12.87 M,
12.54 Mo BN SEFRIG Q30 (B & AH KT 30)E &AL N
97.26%H1 96.90%.
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£ miRBase (V21)H1, ¥ UL FEA 2% 751 F
(1] reads, Fl-FFAE R 25 & J& )7 5T LT, %52 2
() EL %0 miRNA $8 /)2 Reads 5 % 41 £ %1 miRNA 52
AT A, 138 S M Bt EE R E T
FIULHEC | miRNA BIVERTE L, H AP HE miRNA [1))7
ME B K R a5 . 45 B39 3] miRNA #ifA
FE 147, B miRNA159 4N 2). B K Jegh 2
miRNA Fi & (55 br &, miREvo (Wen et al., 2012)
F1 mirdeep2 (Friedl:inder et al., 2012)%5 Tl & 4 7] %
T LTI EHT Y miRNA, % F-7%43 Foxd £ %0 miR-
NA ] sRNA [T 51, FRATTH I 795 AN 5044 S 70 0 i
miRNA, 45 R34 % H T 1) miRNA #7& 98 />, i
A miRNA 3t 77 (A4 A 44 4% 4% Bra-miR-n*
ok, Hr = AR e). B s %efEimna
%1 miRNA F13# miRNA ) 45 /nE R,

1.3 miRNA Ki&5#r

fEE I R AR R 159 A B 40 miRNA 43 51 5
£330 K4 miRNA R F K, A KGEHE 1)
miRNA 15 H FRIA R A AF . B 2 SR T A=K
SE A ORI 3 M E miRNA ZK %, miR159.
miR164 5§ 4 N FEIER T 0P 4E E H 3 MU,
miR157.miR167 %5 6 MK EH L& H 4 i,
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Table 1 Statistical table of sequencing data
P JF s3] fii ik £ FiEAE KT 30 FIE LIRS
Sample Reads Bases Q30 Clean Reads
XHJ-1 11 997 023 0.600 G 99.19% 11 733 361 (97.80%)
XHJ-2 15 244 631 0.762 G 99.25% 14 969 099 (98.19%)
XHJ-3 13 331 237 0.667 G 99.04% 12 966 051 (97.26%)
HY-1 14 389 133 0.719 G 99.29% 13 943 450 (96.90%)
HY-2 13 186 972 0.659 G 99.11% 12 868 224 (97.58%)
HY-3 12 835950 0.642 G 99.38% 12 538 274 (97.68%)
2 FE X miRNA [ EE LR
Table 2 The identified miRNA information of Xiangqingcai
KA A A sRNA Ffi2f K. SRNA 3
Types Mapped mature Mapped hairpin Mapped uniq sSRNA Mapped total SRNA
%1 miRNA 159 147 9657 1200 586
Known miRNA
1 miRNA 77 98 8163 181 971
Novel miRNA
i % 8 1
{ ? "
i g ﬁ oo, E
g Sy 2 1
bra-miR156a-3p bra-miR156b-3p bra-miR157c-3p 0
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S ;i P 2 miRNA % et 1 7 772 CL401 miRNA (977
f ('i Hj Figure 2 The number of Xianggingcai known miRNAs in the
g’ i {?w’%mﬁf », miRNA family
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Figure 1 Part of the identified miRNA diagram of Xiangqingcai
Note: The red highlight is where the mature body is located

S5E (B 2). HAth miRNA F%R%E 52 H 1 241 miR-
NA AN 1~2 4>, ATRERA K 5 B 2 ¥ miRNA X
JERAE 75 75 3 BB R IR 28 T A4 5 R

1.4 7 FRi%X miRNA HIEES

DL miRNA 3 & 7 871 57 B readcount 1 N B %X
Y%, Bl J5 1 F DESeq2 #EAT 2T 60 T 4347 1 7 1557

AT R 5 58 P ANRE i [H) 22 57 3K 1) miRNA (Love et al.,
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Table3 The information of differentially expressed miRNAs

95 miRNA LLESY SR I miRNA WK
No. Regulated No. Regulated
1 bra-miR5725 down 33 bra-miR-n79 down
2 bra-miR-n33 down 34 bra-miR-n42 down
3 bra-miR164c—5p down 35 bra-miR9555a-3p down
4 bra-miR-n85 down 36 bra-miR9557-5p up

5 bra-miR-n125 down 37 bra-miR-n14 up

6 bra-miR158-3p down 38 bra-miR-n136 up

7 bra-miR164a down 39 bra-miR-n41 up

8 bra-miR9562-5p down 40 bra-miR-n66 up

9 bra-miR391-5p down 41 bra-miR-n72 up

10 bra-miR-n12 down 42 bra-miR319a up

11 bra-miR165a-5p down 43 bra-miR391-3p up

12 bra-miR400-3p down 44 bra-miR-n24 up

13 bra-miR400 down 45 bra-miR-n144 up

14 bra-miR5712 down 46 bra-miR-n3 up

15 bra-miR5716 down 47 bra-miR5711 up

16 bra-miR1885a down 48 bra-miR5724 up

17 bra-miR-n122 down 49 bra-miR-n39 up

18 bra-miR158a-3p down 50 bra-miR156a-3p up

19 bra-miR-n137 down 51 bra-miR9558-3p up
20 bra-miR9552a-5p down 52 bra-miR845a up

21 bra-miR9552b-3p down 53 bra-miR-n135 up

22 bra-miR-n97 down 54 bra-miR156¢-3p up

23 bra-miR166a-5p down 55 bra-miR-n83 up

24 bra-miR9566-5p down 56 bra-miR157a-3p up
25 bra-miR-n48 down 57 bra-miR-n4 up

26 bra-miR-n99 down 58 bra-miR-n152 up

27 bra-miR171b-3p down 59 bra-miR390a-5p up

28 bra-miR158-5p down 60 bra-miR-n18 up

29 bra-miR9566-3p down 61 bra-miR168a-3p up
30 bra-miR824-5p down 62 bra-miR-n109 up

31 bra-miR-n121 down 63 bra-miR-n145 up

32 bra-miR161-5p down

BTSN, T 2 HE 2 A miRNA JE4 234 A, 5
RN 17 036 4, IX2E miRNA #1, FH 159 Me
H1E) miRNA, TR B EEEE R 13 128 4~ F 75 M
1) miRNA, Tl E#EEE KA 3 908 (K 4).

1.6 EEXER KX miRNA HEREEThAE TR
1.6.1 GO 3

Nof bR B ) RS DR AT I RE B SR, ARV
BREFAFT 63 /> miRNA XS 3R, i3 ]
6 041 /N, 5 GO JEB S 4556 425533215 miRNA
FHE L R AT KEGG VR E A ) 2 525 AN EEA .

IS #AT GO FEL HT, W — L3RG T 4 556
22 7 FRIA miRNA RIS R R B o X e [A]
HEALR] GO [ 29 N IIReHE 4, 737l R 8 T A
KIGDIREEE, BFEAEY SR (biological pro
cess, BP)9 /™43 Il i I 2% (molecular function, MF)
20 A4S, AT IEERCE KBS A0 B 2 40 AH O Y 2
miRNA [FJEEEER AR AW o R, “ B o i R Ak,
i EEEE I 40%, 9B K B DI RERE , HL IR 2 e skoKF
RN AN IE S E e 2 SR E RN &
UL S AR FE % 7 Al i B AR s &,
EEIAE 10% 74, T 85 15 5 1) 27 = 40 S ad & 7 0
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Table 4 Statistics of the predicted targets number of Xiangqingcai miRNAs

KA miRNA &3 TR E4EH: R ) miRNA L
Types Total of miRNA miRNA with Targets Target genes
.1 miRNA 159 159 13128
Known miRNA

i miRNA 77 75 3908
Novel miRNA

Bt 236 234 17 036
Total

AR, ALY 1% A4 (B 3). T Uiie s REER
F 1A miRNA FUEERIE B B B 2 10— 28, BR“ B 5%
PR 7. “ ADP 4545 " F1“ ATP & B g P 7ix =2
Ab, AR 17 ZE45 307388 1 #E JE R 288 1 800 A, 11
“COKARBRE T SR

1.6.2 KEGG @53 #r

H KEGG X} 7 5 3R 1A ) miRNA ¥ K AT
ST, RIS 51 E 2 @A 20 5%, Hd, “HHY)
TR IEAHEARE ] @ik 49 MR RIERR], S
11.3%, 41 SAEFE R RE R “ By 7 deg, ik
9.3%, 31 KU RV R B I 7 R AU, 7 B 7.0%,
“IHEALYIBEAR B A 28 S R R R, KA
R BRI LA % IR ) R 2
HERERECE 20 2 DL BRI 1S BERE . (HASE
B, — SRR 7 A A o6 i R, I 2 EE R
A TR A G D R B MR TR & B AN
TRLFN R T R (1) AR A B RE TR K S5 4R 10
S5 UA IR BERE, TS W ER 7 & B A G
o WRRER AR VKA 15 KRR (E 4).

1.7 E5¥Eh 5 HFER S B E X miRNA

AR 6 DX Th e v R 45 R, X T g N o 2
JRR IR AU " P 3 6 K] B L) I8 1) 22 7 3 38 miRNA
BEATE 0T, LRI 15 ANFEEE DR ST R 15
72 5715 miRNA, 4% bra-miR5711.bra-miR-n62.
bra-miR9555a-3p.bra-miR-n165.bra-miR-n34.bra-mi-
R158-5p.bra-miR397a.bra-miR845a.bra-miR390a-5p.
bra-miR156a-3p.bra-miR5716.bra-miR824-5p.bra-m-
iR-n136.bra-miR161-5p il bra-miR860-3p %%, Hr,
W B FH R AR R BRI, G864 miR-
NA [k B, b0 i K52 bra-miR-n136,
XN FEFELR Y LOX6 [FIYEEEA; T I 9 4> miR-
NA, T Yl B 55 K1 #2 bra-miR5716, % M §EE: R Dy
ACX-4 [FJREEA .

1367

HEFECE
Number of Genes

456

BP MF

Bl 3 7 522 5 #9% miRNA H#LEE R GO ER

RS GO 73 KA BH 23l 9 BP: AW 2 1 1R (e s M
£, Wl A ez, Fe s m ez, e AR, #EEan
WA, HEE SR MRS, EAREZRL, NEA
JRIREE ANRZ R 51 A& K8 BB, 8 H BRBERRAE) AT ME: 7)1
e (e fim s, I OB T S &, IR AL T4 5,
BHRRE &, W IRES &, MIIZ T RS &, W %
WG &, RS, BHRE&, MRS S, WIS
&, WKL BT A&, ATP &8, Ny T84, S
ZWEIRES &, ADP &5, BB 145 &, KRS T, ATP &8
k).

Figure 3 GO annotation classification of differentially expressed
miRNA target genes in Xiangqingcai

Note: The abscissa from left to right are BP: biological process
(regulation of translation, regulation of cellular amide metabolic
process, posttranscriptional regulation of gene expression, regula-
tion of cellular protein metabolic process, induction by virus of
host cell-cell fusion, protein deubiquitination, protein modifica-
tion by small protein conjugation or removal, protein phosphory-
lation) and MF: molecular function (translation regulator activity,
adenyl ribonucleotide binding, purine ribonucleotide binding, nu-
cleoside bingding, purine nucleotide binding, nucleotide binding,
nucleoside phosphate binding, adenyl nucleotide binding, purine
nucleotide binding, ribonucleotide binding, carbohydrate deriva-
tive binding, ATP binding, small molecule binding, purine ri-
bonucleoside triphosphate binding, ADP binding, anion binding,
hydrolase activity, ATPase activity)
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20.ABC transporters -
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Rich factor

Kl 4 BEEL I ) KEGG il R

7E: Rich factor 48 72 57 32 14 ¥ [A] rp 78 1P e % 1) 26 R 80 H At
it ¢ T A R 8 ) i AL B BEAE ; Qualue 45 £ BAR B TG
KIEAF 2 Pvalue, BUBTEEIFE 0~1 2 18], ol Bl /N w 4E k]
25 1 BT 2 R A AR 3 i BBk 4 A%
ROIBRE S 5 SIIE 5 6 IUEEREmREE A 7 FAIUREA; 8 &
MR AN — TR ARY 9 AR TR AU 10 AR R AE 1K 11 R
BEf®; 12 IR AW Ak 13 AR 1EFiT; 14 DNA & #; 15 51
e ERARYS; 16 BRI — W 17 AW AR, 18 AMEAR
R B £ 1 19 o JERRRRUAS; 20 ABC #eiz

Figure 4 KEGG annotation of the target genes

Note: Rich factor means the ratio between the number of differ-
entially expressed genes in the pathway and the total number of
genes in the same pathway; Qvalue means the pvalue that past
the multiple hypothesis test and correction; The value range is
0~1; The closer to zero, the more significant the enrichment is; 1
Regulation of autophagy; 2 Plant-pathogen interaction; 3 Peroxi-
some; 4 Nucleotide excision repair; 5 Mismatch repair; 6 Inositol
phosphate metabolism; 7 Homologous recombination; 8 Glyoxy-
late and dicarboxylate metabolism; 9 Fatty acid metabolism; 10.
Fatty acid elongation; 11 Fatty acid degradation; 12 Fatty acid
biosynthesis; 13 Endocytosis; 14 DNA replication; 15 Cyanoamino
acid metabolism; 16 Circadian rhythm-plant; 17 Biotin metabolism;
18 Biosynthesis of unsaturated fatty acids; 19 Alpha-Linolenic
acid metabolism; 20 ABC transporters

2 i

TR AR R G, 748 & B (LOX) R
TR PR IR A2 A Ry B A, PR 4k oA A e o
AR A EA TR R, &80 S0l AL W) 2L ff I (HPL)
(2LARAE FI 4% B8 0 C6.CO B, B J5 il L1
it LI (ADH) (1) S8 SR TR vt 2 R e S0 o T
HRMHAAT)Z 5B W BE2R 1 ¥k (Inés et al., 2015;

Kim et al., 2015). K1 LOX ZEH FRIE KV EES
W PR I & & . fEAWE T, H 44 Lox B
(LOX2, LOX3, LOX4 1 LOX6){E )% 73K 1% miRNA
F1%) L KL 52 10 5 5 2 1) I R R 25 &, O B miRNA
N bra-miR5711. bra-miR-n62 . bra-miR390a-5p . bra-m-
iR156a-3p.bra-miR-n136 %5. /£iX 5 > miRNA 1, &
#R bra-miR-n62 A bra-miR156a-3p 7 ‘ G5t il " &
L& R (log2 5505y 72 —1.03 A1 -0.76), (HIHAth 3
N5 R HLTE P K, bra-miR-n136 B & R 7E ‘45
W e, NERA K miRNA, H readcounts
1A 172.23, fHELT M HF R, TR LOX6 %
R KR PR SRR &, 45 & bra-miR390a-5p
B _EX T Lox2 WA HE, KU T IX A miRNA )
WL AT e & B R RRR I S ' 2 H5A 0K
BER .

It A1, bra-miR9555a-3p ! bra-miR-n-165 ) §E
BRI ThREVE R AL R4 B A ELEE (Acyl-CoA oxi-
dase, ACX), HZ 5 la i IR AU T I BE S B BE 2 1 %
1k (Adham et al., 2005), f5 # #& Bk 2R 52 FF Wk 7= A 1)
FERYR, ACX 2 ZIB 42 1) < B IR K i (Arent et al.,
2008; 5% L34, 2012; Fan et al., 2017). bra-miR955-
5a-3p Fl bra-miR-n-165 7E ‘G L0+ 1 LR &
I ACx FEHR R, 51 R AQ U I R 8] = 4 1 AR
R, A AR TR I R RV I LOX AL
MU JRRER () Ak, DT I AE “ AL h & & . iR
PiBRAU b OB B R LOX AN Jife D% B Ik [
ACX WIRIEIKTFRAG, 345 7 PR IR B 20> 1 1 AU
FE, MR ERR ST BV R B ERM E 38T
AR AR B EE R R

7= 5 F 3Kk miRNA ', bra-miR845a # [f] 4 >3
A, M 2 BN 3— Wil 3 —CoA il 2 &K (3-ke-
toacyl-CoA thiolase, KCS)[FIJEJE Kl . KCS 72 Hi KB
ANH RN AR B B2 (VLCMFA) A4 &5 g 42 1 s B, 1
VLCMFA 14 1 11 R 3 22 DL R A E (Deyu et al.,
2015). Liu A1 Li [1J(2014)$RIE K B, I B A2 TV RR R 1)
HEA A . M, VLCMFA F1E R B2 7775 X6
FRIX — L [F] & TR B 52 4K 2R, 24 VLCMFA A
W2 wl, IRTCEF R Z I RRIR « 1E G546 55 /)N
RNA X JEH, bra-miR845a ] readcounts AT X &
H ) 22 57 I8 miRNA i =ity , k%] 1223.13, 1
‘MR S % AE N 286.99. iX— miRNA [ KIE
RILIKT 27 FEUE ‘FAEH 1 KCS FER R IE
Kig#m, M 17l BR 1A VLCMFA A&
FSC, 549 IV BRIR 1Y) & A 78 A2 R TS A
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EN T S i BO R AN el = e R S N TR
A S M) S I 2 AT, 45 3 15 AN AR
i BEAR ORI miRNA S H X REf 15 2 5o WK
PR AT i 2% A #EEE R, b 3 > miRNA 28T K
I 1¥) (bra-miR-n62, bra-miR-n165 I bra-miR-n136).
HEW 2 75 28 3 0 X 28 miRNA 7EAS [ i Ff o i 22
S RIE O LOX A CX 55 I 107 R AR 5% B 6L DR A
KCS 5N FRIR & FAH O ERE R ) 2k, AT — 7 T
W BRI AR 2K, 5 — 77 T 3G 0 IV JRR TR (14 5
&, RAFEOVRRR & BRI E(CFEm 1. A
AR T miRNA R HAE RN 2 51 22 L
JRIR 25 5 PR VA 2 1) 2 LB, Dy B 2 R A S AR

& & 5 W RRER A A 5 38, SR UF IF R LAR fi
VBT B R

3B EEE

3.1 e AL

ARG Bk AR 9 9500 RS2 0t 9T BT e L )
ZAEEAR G N B E I AiA M. 2018 4F
9 H R T 75 0 A BRME 3 AR 25 Bt Sl 433 B
RS PEEBUE RNA, &SR 3 AR SN
Y ES.

32K 5%
3.2.1 4 RNA FHEHUA smallRNA SCJZE i) 3

RNA #&HUf# ] TRIzlo(Invitrogen)i® 7 & , 15 H
15%¥] TBE-Urea /i 73 #5153 | /N RNA. i 4L i /)
RNA & | 5 #1 3" 23k CK/NA 70~90 nt), it 3%k
Sl 3T ) % PCR i 15 MIEHR, 4t /a1
P38 H BdE AT _EALII A (lumina/Solexa G1 sequencer)
i | Small RNA Sample Pre Kit i 7! & 6 A #% #O#
i cDNA SCEE, HIHIZN RNA [ 5" Sl 3" 3 7y
A SERE R BEIR 4 AR A AR B RFAE, DU RNA
NVTEEREL, K6 Small RNA # s R i E ' A 3" 45
(KN 7090 nt A7), [ e sk PCR15 AMEI
NiJG 4 % cDNA. 458 PCR AT/ Hr i 3, PAGE
JB B3k 7 42250 5 H AR DNA B B, ¢ Ja U i Rl Ui fs
FIAAFAEHL 6 M i cDNA SCE (“GiAER;
XHJ1-3, ‘BHEHEHFIE: HY1-3).

3.2.2 miRNA [ %€ 5 7047

JR UG reads 483 2Bk AN JEAR R B 4 clus-
ter reads f& /X 5 Rfam J& .miRBase % .RepBase J# %%
HEAT HEXT, 3RA3 7 RNA iR B, SR B F 1,

DA sRNA VEREAT B AE J9 FRUIIHT ) miRNA ) £ Al
(Griffiths-Jones et al., 2008). .1 miRNA % %€ 4>
NP B ARIERE R SRNA 751465 F 2% miRNA
BEAT U X, 285 2 15 A © A1 miRNA, I A
VFBREEFETC:  BEJS W AR O 1) )R 741 S YA
miRNA ZEAT LEXT, L 72 HAd A ) b o 5 2
miRNA. #7 SRNA BA 13 2E T Hoor 25 51, ) Ffad s
mireap FAF R TN HT ) miRNA. Kl sNRA _E R i
100 bp 724774111 Dicer BEUIL i A5 B ATRE EAFAE,
miRNA [ 45458 1 RNAfold T B 1l 35,
3.2.3 Z R IA5 miRNA (17710 S 5 K ) RV R
ZE 531K miRNA (191681 IDEG6 83t 47
M1, MK HE fold-change (log2)>1 8¢ # fold-change
(log2)<~1, H. P-value<0.01 %5 miRNA 7E 4> 3
HE SR ERLER . F— PRSI FEARG
miRNA [1) 38 1% & 317 bR ifE A6 4 22 (tags per million,
TPM), 28 J5 H TPM it % fold-change 1 P-value. #|
FHAE 2R 5 F psRNATarget X} % 5 H ) miRNA i 17
T, 45 B R SRR G B B X 2 R Rk
miRNA RIS R 34T 7E 26 D e i R, A i 08k 2
HEE N GO (Gene Ontology, http://www. http://gene
ontology.org/) A1 KEGG (Kyoto Encyclopedia of Genes
and Genomes, https://www.kegg.jp/) (FR5£5E, 2019).
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